P
ediatric-onset multiple sclerosis (POMS) accounts for up to 5% of all multiple sclerosis (MS) cases 1 and typically exhibits a relapsingremitting clinical course. The condition manifests as sensory alterations, optic neuritis, brainstem signs (ie, double vision, weakness, ataxia), and/or changes in walking patterns. 2 Individuals with POMS often present with mental and physical fatigue, 3 cognitive impairment, 4, 5 and depression. 6 Concerningly, POMS is associated with persistently higher relapse rates compared with adult-onset MS, 7, 8 and permanent disability occurs approximately 10 years earlier chronologically than with adult-onset MS. 2 Such observations underscore the importance of early disease identification for initiating immediate medical treatment through disease-modifying therapies and therapeutic rehabilitation strategies. 9 Physical activity has been identified as an important rehabilitation strategy for managing the manifestations of POMS. 10 Physical activity is defined as any movement of the body based on skeletal muscle contraction resulting in a substantial increase in energy expenditure over resting levels. 11 Of note, exercise is a specific, structured form of physical activity undertaken for improvement or maintenance of physical fitness. There is evidence that higher levels of physical activity are associated with lower T2 lesion volume, relapse rates, and fatigue in POMS. 12, 13 Unfortunately, there is evidence of low rates of physical activity participation in POMS (ie, approximately 10 min/d of moderate-to-vigorous physical activity), 13 and those with POMS engage in less moderate-tovigorous physical activity than controls 14 and youth with other demyelinating conditions (ie, acute disseminated encephalomyelitis, monophasic acquired demyelinating syndrome). 12, 13 Some research suggests that self-efficacy and exercise goal setting are correlates of higher levels of physical activity, whereas functional disability is a correlate of lower levels of physical activity in POMS. 13, 15 To date, the existing literature provides a limited picture of physical activity in POMS and has relied solely on quantitative methods. Consequently, there is limited insight regarding experiential knowledge of physical activity and its perceived benefits, barriers, facilitators, and promotion in this subsection of MS. These gaps support the need for a qualitative inquiry to be conducted as an important step in crafting a broad, but indepth, understanding of physical activity in POMS that can inform the development and delivery of physical activity behavioral interventions.
The present study involved a qualitative exploration of physical activity in POMS. Such an exploration will allow us to build a comprehensive picture of current perceptions and experiences of this health behavior. Such a foundation will then allow for the creation and implementation of interventions targeting physical activ-by phone if interested. The center identified 21 eligible children and adolescents with POMS.
Data Collection
We used semistructured interviews to collect data. Semistructured interviews allow researchers to ensure that topics of interest are covered but permit participants freedom to discuss what is important and meaningful to them, thereby allowing participants to construct personal insights that constitute qualitative data. 18 The flexibility of this method allowed us to alter the sequence of questions and probes to suit each participant, permitting each person to tell their own story. 19 Interviews were completed online via video conferencing software (seven participants) or in person (one participant). The interview script consisted of 35 open-ended questions with a series of closed and open-ended probes for elaboration and clarification as necessary (Table 1) . Occasionally, spontaneous probes were used to elicit additional information when scripted probes were inadequate. Informed consent was verbally obtained at the start of each interview with parents present. Participants had the opportunity to have parents involved in the interview, but all opted to have their parents step out. If the interview question was unclear, participants were encouraged to request rephrasing of the question for clarity. Questions were not phrased to be intrusive or uncomfortable, but participants were reminded of their right to refuse to answer any question and withdraw from the study at any time. Participants received a $25 gift card for participating. Interviews were transcribed by a professional transcription service unaffiliated with the investigators within 24 hours of interview completion. All identifying data were anonymized in line with ethical practice. ity and exercise promotion relevant to older youth with POMS. To that end, the present study had two primary aims regarding older children and adolescents with POMS: 1) to improve our understanding of perceptions, beliefs, barriers, and facilitators regarding physical activity and 2) to identify preferred components of interventions targeting physical activity. To achieve the aims of this study, we sought to answer three research questions in a sample of individuals with POMS: What are common perceptions of physical activity? What are experiences with physical activity? What is required to implement an effective behavior change intervention targeting physical activity?
Methods
This study was approved by the institutional review board of the University of Alabama at Birmingham.
Philosophical Assumptions and Design
This research was guided by an interpretive phenomenological paradigm rooted in constructionist epistemology and relativist ontology. Interpretive phenomenology seeks to explore a phenomenon based on how it is perceived by individuals in a specific situation (ie, individuals diagnosed as having POMS and personal experiences related to physical activity and exercise) and further seeks to understand and interpret the phenomenon through shared knowledge and experiences. 16 Constructionist epistemology posits that this knowledge is constructed through cultural, environmental, and social influences as opposed to created in the individual's mind, 16 and relativist ontology stipulates that there are multiple realities and ways of understanding this knowledge. 17 In addition, we chose interpretive phenomenological analysis in an effort to craft an empirical experiential foundation for driving forth interventions informed by older youth with POMS for older youth with POMS.
Sampling Procedure and Participants
To be included in this study, participants were required to be aged 10 to 17 years, have a clinical diagnosis of POMS, be fluent in English, be able to access or attend an interview, and agree to be recorded during this interview (participants and parents both agreed). Staff at a local POMS center acted as gatekeepers and compiled a list of eligible participants from the center's patient population. Eligible individuals received a flyer and an information sheet describing the study via the US Postal Service and were directed to contact researchers Physical Activity in POMS culture of the participants and by verbally reflecting on the meaning of participant answers during the interview. We maintained transparency by retaining an audit trail and by using a "critical friend" to analyze the research process and weigh in on interpretation of participant report.
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Results
Participants and Interviews
Of the 21 eligible individuals, parents of 11 of them made contact with the researchers and informed consent was completed for 8 adolescents to participate in the study. The mean age of participants was 15 (range, [14] [15] [16] [17] years. All the participants were female and resided in Georgia (n = 3), Florida (n = 2), Alabama (n = 2), and Tennessee (n = 1). Disease duration ranged from less than 1 year to 5 years. See Table 2 for the sample's demographic information.
Overall, there were 441 recorded minutes of interviews. The interviews lasted 40 to 68 minutes (mean length, 55 minutes). This yielded 191 pages of transcribed interview data that were analyzed using interpretive phenomenological analysis.
After the application of interpretive phenomenological analysis, the following themes were crafted: 1) perceptions of physical activity and exercise, 2) experiences of physical activity, and 3) physical activity intervention preferences.
Perceptions of Physical Activity
Participants discussed both positive and negative perceptions regarding exercise and physical activity for POMS.
Positive Perceptions
All eight participants believed that physical activity yields positive outcomes, including management of POMS symptoms and prevention of secondary dis-
Data Analysis
Interpretative phenomenological analysis involves using an iterative and reciprocal hermeneutic circle. 20 This involved first reading and rereading the transcribed interviews and making initial notes. After this step, the first author (E.M.S.) inductively crafted experiential themes and began to search for clusters that coherently reflected participants' experiences. The first author labeled these clusters based on participant-reported descriptors. After establishing these clusters, this author further identified superordinate groups and then categorized experiential group themes within the superordinate groups. Tables were created with organized lists including themes and original sources of thematic information. This stage involved connecting themes and attempting to harmonize interrelationships and organization of those themes. These tables evolved as this author continued to assess and interpret the experiential data. This author worked to identify convergent and divergent patterns in reported experiences from these themes and then revisited initial notes to confirm or reassess introductory thoughts and emergent themes. This circular development continued throughout the analysis process and was repeated for each interview transcript. After the analysis was completed, this author wrote up the themes and translated them into an intelligible and consistent realist tale of the common perceptions and experiences of physical activity and intervention preferences of participants diagnosed as having POMS.
Qualitative Rigor
The first author (E.M.S.) implemented a relativist approach to quality assessment. 17 According to Smith and Caddick, 21 there is an open-ended list of criteria for evaluating the rigor of qualitative research, and not all the components apply to all qualitative traditions. From this list, the researchers included substantive contribution, width, credibility, and transparency. We endeavored to substantially contribute to the knowledge base of exercise and physical activity research for youth with neurologic diseases (ie, POMS) by addressing a gap in knowledge concerning this population's experience with exercise. We addressed width by encouraging discussion and conversation to cover a wide range of topics regarding physical activity, including quotations from participants, as well as allowing interviews to end naturally without time pressures or suggestions to end. We addressed credibility by developing familiarity with the Participant 6 remarked, "The treatment is really strong that I'm on, and it's really havoc on my bones… they suggest lots of water, vitamin D to make my bones a lot stronger, and light exercising, extremely light exercising. Like, walking up the block and back, and maybe some jumping jacks and a light jog."
Negative Perceptions
The most commonly described negative belief regarding physical activity was symptom worsening. The participants reported believing that exercise could cause worsening of symptoms and relapse. Pain, vision loss, headaches, sensory disturbances, and dizziness were the most commonly reported symptoms that adolescents with POMS believed may worsen after strenuous activity. This seemingly resulted in a common element of fear; participant 6: "[I] always get nervous that if I do too much, I'm going to end up in a relapse or something, so I haven't really researched on my own like how to work out correctly for MS."
Several participants described physical activity as "boring" and "hard." Participant 4 said, "It's hard. Because it's just easier to sit there and watch Netflix. Who wants… unless you somehow love that stuff, which I don't. My dad is a freak and somehow loves to exercise, but … I mean why go outside and run and lose your breath and get all sweaty when you can sit inside and eat chips in the air conditioning."
Experiences of Physical Activity
Barriers
Barriers to physical activity were categorized into three primary groups: 1) POMS symptoms, 2) lack of social support, and 3) lack of opportunity and time ( Figure 1) . POMS Symptoms. As mentioned previously in the Results section, fear of inducing a relapse or worsening eases. Participants reported learning about the benefits of physical activity from neurologists or family members (ie, a well-informed parent). Participant 4: "And my mom reads a bunch of stuff like MS studies online, she says that exercise is so important and it can really help, you know. So I think definitely, if there… there's a lot of risk being taken if you don't exercise, especially as you get older."
The participants believed that physical activity helps manage POMS and its symptoms (ie, pain, stiffness, spasticity, lesion volume, and fatigue). Participant 8 stated, "It helps us get better and stuff like that, I mean it's not going to make our lesions go away, but it's going to help them like, start to like, decrease and stuff like that."
The adolescents in this study further indicated the belief that physical activity improves mood and wellbeing. Participant 3 remarked, "I think if I stayed in bed, I would think of all the bad things about MS and not really getting up and actually enjoying the day. I would think about … I would go into depression again and I do not want that to happen. I'll get sad because I'm thinking of all the bad things that's happening, and I just do not like that at all."
The participants believed that physical activity promotes a healthy body and prevents disease and comorbid conditions (ie, diabetes and obesity). Participant 4 said, "There's so many things that can go wrong if you're not physically active. I think the main things like diabetes, if you just eat way too much and you don't do anything about it." Bone health was mentioned by two participants. Both stated they were taking medications that caused bone deterioration and that a neurologist had suggested that light physical activity could counteract this adverse effect. These participants believed that physical activity would benefit bone health and maintain bone density. and physical activity due to fall risk. Participant 8: "My pediatrician told me to quit sports until they could find out what was going on. They kind of just said, they just told me to quit." Lack of Opportunity and Time. The perception of limited access to interesting and desirable activities interfered with physical activity engagement for the participants. Participant 4: "I really like lifting weights, but I'm not old enough to go to the gym or something, and I don't have any equipment at my house."
Participants deemed lack of time to be a major barrier to exercise and physical activity. Participant 1 said, "At times, I feel like there's not enough time because school, I would say school and homework and stuff like that. I would say there's not enough time in a day."
Facilitators
Facilitators to physical activity were categorized into three groups: 1) symptom management, 2) social support, and 3) opportunity (Figure 2) . Symptom Management. Participants indicated that adequate management of thermosensitivity facilitated physical activity involvement. Participant 3: "Well, I have a cooling vest, and my mom buys this neck thing, you put it in water and it stays cool for hours. So, I put that around my neck. Lots of water, keep myself hydrated, and the park has water rides where you can cool off, so that's a plus as well. We try not to go at certain times, maybe we'll go in the morning, so when the sun is down a little bit or maybe at 7:00 to closing time so it won't be as hot for me."
Some participants described physical activity as the most effective tool in managing POMS-related symptoms, as long as the participants recognized personal "limits" and stayed within individual ability levels. Again, participant 3: "If I stay in bed, it's more of symptoms was identified as an influential barrier for physical activity in this group. The participants reported various POMS symptoms as barriers, and this reinforced the belief that physical activity worsens symptoms. Participant 6 stated, "After I've had treatment, it literally makes me feel like, if I try to walk on my own or without assistance or an aid, that all my bones in my body are going to snap or break." Participant 8 remarked, "Weight lifting, I used to do it before I got diagnosed, but now I can't because I shake too badly, and I don't have grip inside my hand no more because of the numbness."
All the participants stated that fatigue is a primary barrier to engagement in physical activity, and this included physical fatigue and mental or cognitive fatigue. Participant 5 noted, "I get tired. I always seem tired and I don't want to do anything."
All eight participants reported thermosensitivity as a hurdle preventing adequate physical activity. Participant 6 said, "Because, when I'm in the sun, I get extremely hot, I get overheated, and I can't tolerate the sun at all.
It affects my vision, and I can't do it anymore."
Lack of Social Support. The lack of social support was a barrier for physical activity engagement among many of the participants. Some stated that having friends who were inactive reduced motivation to be active themselves. Participant 2 stated, "If I don't have anyone to talk to, why would I want to do something?" Interestingly, three participants described parental involvement as a hindrance to physical activity, as parents prevented them from exercising due to fears of symptom worsening. Participant 4 said, "'But I want to go outside, mom,' and she's like 'no you can't, I don't want anything happening, so.'" In one case, the participant's physician requested a reduction in exercise 
Physical Activity Intervention Preferences
Participants indicated a desire for an individualized approach to physical activity promotion. Participants described interest in a method of intervention that addressed personal, social, environmental, and physical needs (ie, a tailored intervention). Although this preference for individualization was commonly stated, similar themes emerged and can be categorized into two primary points: knowledge acquisition and social engagement (Figure 3 ).
Knowledge Acquisition
The participants described an interest in learning about two particular concepts: 1) safe exercises for POMS and 2) outcomes of physical activity and exercise for POMS.
Knowledge of Specific Exercises. Participants described a desire to know specific exercises tailored to individuals with POMS. Participant 8: "Like, what drowsy, and if you stay in bed you're not moving your joints so they can get very, very stiff, and it gets painful. If I don't move my legs, or bend my legs, maybe every 30 minutes, they pop out of place. So, if I stay in bed, it actually gets worse when you're staying in bed than when you're actually up and moving."
In addition, participants were more likely to engage in physical activity when it helped them manage, improve, or stabilize their mood, as many of them reported having difficulty maintaining a stable mood after diagnosis of POMS. Participant 8 remarked, "[Exercise] makes me feel good at the end of it, and even though I know that I'm like super tired, it lets me know that I can still do simple things. It makes me feel really good, like I can go climb like Mount Everest if I wanted to."
Social Support. Social support played an important role in physical activity engagement for this group, as noted by all eight participants who reported that active friendships were helpful in encouraging physical activity behavior. Many participants indicated walking with friends as a time to engage in socializing and conversation. Participant 8 stated, "If friends were doing it with me and stuff like that. It doesn't really change it, but it's just a nice thing to be able to have somebody else."
Active families encouraged physical activity, and adolescents with active parents or siblings reported engaging in more activity themselves, either with or without direct family involvement. Just as some participants reported parents or physicians as a hindrance to physical activity, there were some participants who reported that parents and physicians strongly encouraged activity participation. Participant 4 stated, "But for the past week or so, my mom has really pushed it because it's been a couple of months, haven't done anything, 'get off your butt,' so I started… I've been…I decided to do 20 minutes a day, I go out and play basketball." Support and encouragement via social media played an influential role in physical activity participation. Participant 3 said, "I use Instagram a lot, and exercise is one of the things that's mainly on my Discover page. That makes me want to do exercise more, because of that. I also have an [online] MS friend, and we are on a kind of challenge to lose a certain amount of weight by this certain time, so we kind of push each other like that."
Opportunity. Having several facilities or spaces to be physically active facilitated involvement, such as sports at school or close living proximity to a gym or parks. 
Discussion
This qualitative study investigated the perceptions and experiences of physical activity in older youth with POMS. We further examined preferences for a behavior change intervention targeting physical activity for POMS. The participants reported both positive and negative beliefs about physical activity and its benefits, experienced similar barriers and facilitators to physical activity, and described similar preferences for an intervention targeting physical activity.
The participants believed that physical activity would be beneficial and important for POMS. This aligns with a previous review stating that most youth believe that physical activity is important and that participation in physical activity can improve health and fitness. 22, 23 The participants further believed that physical activity can often be boring and may worsen their MS symptoms. Unfortunately, these negative beliefs are common in adolescents. Boredom was the most commonly reported barrier to physical activity for youth with cystic fibrosis, 24 and other evidence indicates that healthy adolescent girls believed that physical activity was boring. 25, 26 This finding suggests that finding enjoyable methods for physical activity is essential to increasing activity engagement and inspiring lifelong habits of routine physical activity for children and adolescents. 22 In addition, fear of symptom exacerbation is common in adults with MS. 27 These beliefs and fears are valid, and steps must be taken to counteract the negative beliefs to increase levels of physical activity for POMS. To do so, adolescents must be able to identify activities of interest, recognize their activity limitations, and set activity goals that fall within those limitations. By facilitating engagement in enjoyable and achievable activities in the present, we lay the foundation for continued physical activity engagement throughout life.
Facilitators of physical activity were described as adequate symptom management, social support, time, and opportunity. Social support is frequently mentioned by adolescents, particularly girls, as a facilitator to physical activity. 25, 26, [28] [29] [30] In addition to this commonly experienced facilitator, the group with POMS felt that symptom management strongly influenced their ability to participate in physical activity. In particular, symptoms of thermosensitivity and fatigue hindered physical activity and exercise. This is aligned with reports about adults with MS such that self-efficacy related to symptom management is associated with physical activthings we could like, participant in that wouldn't like, tire us all the way out."
Participants expressed a desire to learn more about safety during physical activity, especially regarding symptom management and prevention of symptom worsening. Participant 4 said, "I think it would be helpful to know [how to exercise safely] because there's probably information about how to be safe when there's nothing going on, but when you have multiple sclerosis, you probably should know like, the heat, or the pain, or something, try to prevent anything from happening." Participant 6 noted, "I would love to know how to work out correctly for MS, so that I could like, when I'm in the YMCA, and I don't feel like swimming one day, and I feel like going in there and working out, how to do it correctly, for me. Without hurting myself or without ending up being in the hospital."
Knowledge of Outcomes of Physical Activity and Exercise. Participants communicated an interest in learning and understanding outcomes of physical activity and exercise for individuals with POMS. Participant 4: "Definitely why it's good. That's like saying, 'why should I do this worksheet if it's not going to be for a grade,' so it's like…know definitely why is exercise important, and what can it do for MS or something."
Social Engagement
Participants overwhelmingly thought that a group targeting physical activity and exercise should include other people with POMS:
Or other kids with MS, because you kind of have the same… even though it's terrible, you have something in common, you have the same goals in common, which is like, to get healthier. I think because if you can all relate on something, then you can become friends quicker and everything, and you get along better. [Why is it important to have friends with MS?] Because then you're not alone. Because it's not just you with some rare disease, and you don't know anybody else who's got it. (Participant 4) [Who should be in the group?] MS people, obviously. And, just people close to my age, you know. Because it is… and even adults, just everyone who has MS who has never found the voice inside of them to speak up and say hey I have MS, yes I'm critically sick. And no, it doesn't define me but some days, it does. (Participant 6) valued support and interaction with other youth with POMS when considering an exercise program. This aligns with previous research with adults with MS in that participants reported that socializing with others with MS was beneficial and enjoyable. 34, 36 Other research further supports this notion, with individuals with muscular dystrophy, MS, motor neuron disease, and Parkinson disease reporting that they preferred exercising with people with the same or other disabilities. 37 Owing to the rarity of POMS, distance is often a significant barrier to creating and maintaining these relationships. A Web-based intervention with individuals diagnosed as having POMS could facilitate these desirable relationships among youth.
Limitations
Participant response bias (ie, presentation bias) represents one potential limitation and may have resulted in exaggerated or underestimated reports of experiences related to physical activity. The interviewer discussed this concern before the start of each interview and assured the participant that there is no right answer, and further provided verbal support and encouragement for participant responses regardless of response. The small sample size may be considered a limitation in some qualitative methods, but interpretative phenomenological analysis is an analytical technique that involves a close, rich, in-depth examination of each case. As such, sample sizes are typically ten or fewer and purposively homogeneous to allow researchers to note convergence and divergence across participant accounts. 18 ity. 31 For example, those with MS who managed their symptoms effectively also reported engaging in higher amounts of physical activity, and those who were inactive reported lower self-efficacy regarding symptom management. This information reflects the need for evidence-based strategies to increase self-efficacy relating to symptom management, and strategies to manage POMS symptoms, thus increasing ability to engage in physical activity.
Regarding perceived barriers, the interviewees described that symptoms of POMS and lack of social support, time, and opportunity hindered the ability to participant in adequate or desired amounts of physical activity. Other qualitative inquiries reflect that healthy teenagers perceive barriers similar to those reported by this sample (ie, mood, tiredness, lack of free time, lack of access to activities). 32, 33 In addition to these, the present sample identified POMS-related symptoms (ie, fatigue, mood, thermosensitivity, sensory alterations) as a major barrier to physical activity. This finding is aligned with previous research investigating barriers to physical activity in youth with cystic fibrosis such that cystic fibrosis symptoms hindered physical activity. 24 Adults with MS report that symptoms, particularly fatigue and thermosensitivity, strongly influence physical activity engagement. 27, 34 Researchers and clinicians must adequately address disease-specific symptoms in addition to those experienced by the general population to support and motivate physical activity for individuals with POMS. Furthermore, the fear of difficulty initiating a physical activity program acted as a barrier to participation. For example, some of the participants thought that they would injure themselves by initiating an exercise program above their current level of ability. This aligns with previous research suggesting that perceived skill and ability along with perceptions of mastery influenced physical activity engagement for healthy adolescents. 32, 35 Researchers and clinicians should articulate that physical activity does not require strenuous movement or pain and can be started moderately and increased as tolerance improves. We suggest the development of guidelines for exercise in POMS to ensure safety and improve knowledge related to building exercise tolerance.
The interviewees described that components of a future intervention should focus on education regarding specific exercises, outcomes, and safety during exercise and provide opportunities for social engagement with other individuals with POMS. Indeed, the participants
PRACTICE POINTS
• There is increasing focus on health behaviors, particularly physical activity, in pediatric-onset MS (POMS) yet little understanding of approaches for changing physical activity levels.
• Adolescents with POMS in this study reported that physical activity would be important and beneficial but further believed that it is often boring and may worsen POMS symptoms. They described social support, symptom management, time, and opportunity as factors influencing physical activity engagement.
• Future interventions should take steps to counteract negative beliefs, reaffirm positive beliefs, and facilitate engagement in enjoyable and achievable activities for youth with POMS.
Some qualitative methods posit member checking and peer debriefing as primary strategies for assessing rigor, but our epistemological position states that knowledge is crafted within the relationship developed by the researcher and the participants and, furthermore, that reality is multiple and subjective rather that one unifying truth. Thus, member checking with participants or cross-checking with colleagues (ie, peer debriefing) goes against our epistemological and ontological position. Instead, we implemented a relativist approach to quality assessment that aligned with our positions of a relativist ontology and constructionist epistemology.
Future Research
The present results paint an important picture and map for future research. We believe that these data support the following important research directions. There is a need for evidence-based strategies to increase self-efficacy relating to symptom management and strategies to manage POMS symptoms, thus increasing engagement in physical activity. Steps should be taken to counteract negative beliefs to increase levels of physical activity for POMS. To do so, adolescents should be able to identify activities of interest, recognize activity limitations, and set activity goals that fall within those limitations. By facilitating engagement in enjoyable and achievable activities in the present, we lay the foundation for continued physical activity engagement throughout life. Researchers and clinicians should adequately address disease-specific symptoms in addition to those experienced by the general population to fully motivate those with POMS to engage in physical activity. Future interventions targeting physical activity should focus on described barriers and beliefs in addition to the requested information relating to specific exercises, outcomes of physical activity, and safety during physical activity, as well as highlighting the requested social engagement in youth with POMS.
Conclusion
Collectively, the group of adolescents with MS described herein provided rich information, permitting a deeper understanding of the lived experience and perception of physical activity, along with information regarding preferences and desires for a future intervention targeting physical activity. This information will be essential for targeting physical activity as a health behavior for optimizing quality of life and participation among persons with POMS. o
